Compared to other categories, the Energy and Atmosphere category contributes the most to the maximum obtainable points in the Leadership in Energy and Environmental Design (LEED) certification system. The objective of the study was to identify the extent to which project teams take advantage of the credits in the Energy and Atmosphere category of LEED. This study analyzes the performance of practitioners in achieving points in the Energy and Atmosphere credits of LEED-New Construction (NC) 2009 for 1500 buildings that received LEED certification in the US. For a better understanding of the credit patterns, the differences in the performance of practitioners are investigated relative to certification levels and project ownership. Achievement in credits is calculated in terms of percent of maximum points (PMP), since the maximum achievable points differ for each credit. Practitioners' achievements in the credits were ranked as follows: (1) enhanced commissioning, (2) optimized energy performance, (3) enhanced refrigerant management, (4) green power, (5) measurement and verification, and (6) on-site renewable energy. The largest achievement differences were observed in the on-site renewable energy credit. Concerning building ownership, investors were found to optimize mostly energy efficiency and on-site renewable energy, but to mostly skip enhanced refrigerant management. Performance in the measurement and verification credit was similar for all owner types, whereas investors performed differently from corporations, and government agencies in the enhanced commissioning credit. Practitioners who recognize these priorities and differences are expected to be better positioned to make sustainability-related decisions in building design and construction.
Introduction
Buildings consume a considerable amount of energy and constitute one of the major sources of adverse impacts on the environment. Buildings account for 19% of global greenhouse gas emissions [1] . In the US, the residential and commercial businesses are responsible for 12% of the total greenhouse gas emissions due to heating and cooking needs, management of waste and wastewater, and leaks from refrigerants in homes and businesses [2] . It is essential to ensure sufficient energy supply in the future [3] , and it is also necessary to incorporate measures for energy efficiency into the design and construction processes [4] . A major objective of sustainable design and construction is to minimize the adverse impacts of excessive energy consumption. and construction. After describing the methodology used in the research, the paper presents the findings, and the analysis of the levels of achievement in the different credits in the Energy and Atmosphere category. It also examines variations in achievement levels attributable to certification levels (silver, gold, platinum) and type of ownership. The detailed discussion of the findings is followed by conclusions and recommendations. 
Methodology of the Study
The methodology relies on scorecards of the Energy and Atmosphere credits that were extracted from the USGBC project database. The database of USGBC includes LEED-certified buildings located all around the world. The database was filtered for the purposes of the study. Only buildings that were constructed in the US and that received LEED-NC 2009 platinum, gold, and silver certification were considered. Other countries and regions were not included because the underlying reasons in the achievement levels can vary based on local parameters as reported by some researchers [14] [15] [16] .
The data were downloaded and transferred manually to an Excel file by using a macro. Ma et al. [17] and Todd et al. [8] used similar but automated procedures to perform the transfer. Information about 1500 buildings was collected, which represents over 103.4 million gross square feet of building construction in the US. The breakdown of the buildings by certification level is presented in Table 2 . After extracting the data, three types of analyses were conducted to analyze credits in the Energy and Atmosphere category:
(i) Calculation of percent of maximum points (PMP) attained in each credit: This part analyzes all buildings regardless of the certification levels they achieved. The PMPs attained were calculated to identify achievements in each credit independently. (ii) Calculation of percent of maximum points (PMP) in each credit by certification level: In this section, the PMPs of the building inventory were analyzed for three certification levels separately. First, the PMPs were evaluated for each certification level in order to reveal differences between levels. Then, the PMPs were assessed to identify how achievements and application trends vary from one certification level to another. (iii) Analyzing percent of maximum points (PMP) based on building ownership: This was done to identify the differences in trends, based on owner type.
Analysis of the Findings
The points obtained in each credit are evaluated in Section 3.1. The average achieved points and the percent of the maximum achievable points (PMP) are recorded. The differences in the PMPs of different credits are examined based on the level of certification (Section 3.2) and on building ownership (Section 3.3) to understand achievement patterns using non-parametric statistical tests. Finally, assessments of each credit are provided separately in Section 4. This part also includes examples of strategies adopted in real-life projects for improved energy efficiency, which brought points.
Percent of Maximum Points (PMP) Attained in Each Credit
The average points obtained in each credit indicate the relative convenience with which credit requirements are satisfied. The higher the average point, the more convenient it is to satisfy the credit requirement. The analysis reported in this section could improve practitioners' understanding of the six credits in the Energy and Atmosphere category, and streamline their strategies in planning how they will get the necessary points for a desired level of certification. Each credit has a different maximum achievable point. Therefore, average achieved points in different credits have no comparative value [9] . In this study, the average achieved points were divided by the maximum achievable points to calculate the percent of maximum points (PMP) for each credit, as in Equation (1):
where c i is the average achieved points in credit i for the whole building inventory, and c imax is the maximum achievable point for that credit as specified by LEED. For example: Table 3 shows the related information about the six credits in the Energy and Atmosphere category. It can be seen that not a single credit resulted in high scores, which suggests that no credit is intensely pursued, which in turn reflects the prudent tendencies of project owners and developers in energy related applications. In Table 3 , 59% of the maximum two points offered by "EA3-Enhanced commissioning" was attained in the buildings studied. Since the maximum achievable point is two in this credit, a 59% achievement rate does not directly indicate that this credit is a commonly pursued credit in this category. There is a prerequisite of this credit that mandates the fundamental commissioning of building energy systems, for which all registered buildings should qualify. The state-of-the-art heating, ventilation, and air conditioning (HVAC) and automation applications pose additional risks to sustainable building projects, which can be best managed with a commissioning procedure [18] . Benefits of enhanced commissioning include operational cost savings, catching installation mistakes, addressing occupant discomfort, enhancing indoor air quality and thermal comfort, prolonging equipment lifespan, lowering the risk of litigation, and training users to operate the building more efficiently by outlining the processes to the contractor, the owner, and end users according to the goals of the project [19] . This credit requires further professional consultancy to verify if there are gaps between the design intents and the owner's requirements. Professional commissioning is increasingly recognized as an effective means of ensuring quality and maximizing energy performance [20] . The analysis suggests that professional commissioning services are indeed commonly utilized by project owners and developers to mitigate such risks.
According to Table 3 , for "EA1-Optimizing energy performance", 54% of the maximum 19 points were achieved in the buildings under study, making EA1 the second most achieved credit. Several strategies are adopted in this credit such as highly efficient HVAC and lighting systems, sophisticated controls, strategic location of windows, solar light tubes, exterior sunscreens and selecting LED fixtures [21] [22] [23] . Many of these strategies are not difficult to implement, which can lead to earning higher points. In LEED-NC 2009, Energy and Atmosphere credits account for approximately 32% of all achievable points. According to USGBC, LEED-certified buildings report 20% lower maintenance cost than typical commercial buildings. It is reasonable to pursue this EA1 credit seriously since it can contribute 19 of the 35 credits achievable, with significant cost savings. This result can be interpreted to mean that energy efficiency measures were commonly implemented in the projects. This credit was closely followed by "EA4-Enhanced refrigerant management" with 53% of the maximum two points. The intent here is to reduce ozone depletion. It is surprising that certified buildings did not achieve a higher percentage of the maximum two points, since most new facilities use appropriate equipment [21] .
"EA6-Green power", which encourages the development and use of grid-source and renewable energy technologies received 50% of the maximum two points (Table 3 ). This credit requires that at least 35% of the electricity usage be offset with a minimum commitment of two years. Strategies that can be used to achieve this credit include use of renewable energy credits (RECs) and signing up for green power programs. The cost and availability of these methods are the major factors affecting the decision to pursue this credit [24] .
Only 34% of the maximum three points offered by "EA5-Measurement and verification" was achieved in the buildings studied. Despite the frequent use of energy efficient technologies and equipment, the gap between actual and targeted performance was not measured extensively in the buildings considered in the study.
Finally, Table 3 also shows that the credit that was least well addressed in the certified buildings considered in this study was "EA2-On-site renewable energy credit" with 22% of the maximum seven points achieved on average (Table 3 ). This corresponds to as little as 1.6 out of the maximum seven points. LEED promotes the "EA2-On-site renewable energy" credit to encourage the use of renewable energy technologies in sustainable construction because there is evidence that the adverse environmental impacts of renewable energy technologies are much lower compared to conventional energy technologies. Several alternative energy sources can be adopted such as the use of sunlight, wind, geothermal sources, and even tidal and ocean waves. The factors that contribute to achieving lower points in this credit can be related to difficulties in producing renewable energy economically and technical risks involved in rather novel renewable technologies [25] .
As seen in Table 1 , the thresholds and maximum achievable points have been slightly modified in LEED v4. For example, "EA2-Optimizing energy performance" that can receive up to 19 points in LEED-NC 2009, can get a maximum of 18 points in LEED v4. The analysis presented above and in later sections is not diminished by these differences because both LEED-NC 2009 and LEED v4 address the same energy and atmosphere issues.
PMPs Attained in Each Credit by Certification Level
Analyzing the percent of maximum points (PMP) in each credit in Section 3.1 does not consider the differences between different certification levels (silver, gold, platinum). The findings in Table 3 outline the general application trends when certification levels are analyzed all together. However, there can be significant differences in the preferences of users when they attempt to earn points for different certification levels. For example platinum level requires a minimum of 80 points whereas silver level can be achieved with a minimum 50 points. In this section, PMP values are determined for each credit with respect to certification levels, and analyzed to understand how PMP values differ between levels, hence pointing out the commonly pursued credits in each certification level. Table 4 shows the descriptive statistics, the number of buildings that earned "zero" and the maximum points earned for each certification level. The trends in Figure 1 show that, as expected, more points were earned at platinum level than gold level, and more points were earned at gold level than silver level in all Energy and Atmosphere credits. There seems to be reasonable consensus between gold and silver levels with almost parallel trend lines, while at platinum level, a different trend is noted. equipment, the gap between actual and targeted performance was not measured extensively in the buildings considered in the study.
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PMPs Attained in Each Credit by Certification Level
Analyzing the percent of maximum points (PMP) in each credit in Section 3.1 does not consider the differences between different certification levels (silver, gold, platinum). The findings in Table 3 outline the general application trends when certification levels are analyzed all together. However, there can be significant differences in the preferences of users when they attempt to earn points for different certification levels. For example platinum level requires a minimum of 80 points whereas silver level can be achieved with a minimum 50 points. In this section, PMP values are determined for each credit with respect to certification levels, and analyzed to understand how PMP values differ between levels, hence pointing out the commonly pursued credits in each certification level. Table 4 shows the descriptive statistics, the number of buildings that earned "zero" and the maximum points earned for each certification level. The trends in Figure 1 show that, as expected, more points were earned at platinum level than gold level, and more points were earned at gold level than silver level in all Energy and Atmosphere credits. There seems to be reasonable consensus between gold and silver levels with almost parallel trend lines, while at platinum level, a different trend is noted. The results of the analysis show that silver certified projects do not achieve high scores in any of the credits in the Energy and Atmosphere category. Many buildings received zero points. For example, in EA2-On-site renewable energy, EA3-Enhanced commissioning, EA4-Enhanced refrigerant management, EA5-Measurement and verification, and EA6-Green power, the number of buildings scoring zero ranged between 369 and 640. According to Figure 1 , "EA3-Enhanced commissioning" was found to be the most convenient credit to pursue when silver certification is desired, with 55% of the maximum points in EA3 obtained in projects that aimed for silver certification (Table 4 ). This result concurs with the distribution presented in Table 1 that shows that EA3 allows easy points probably because commissioning services are used often. On the other hand, Figure 1 also shows that "EA1-Optimizing energy performance" (not EA3) was the most convenient credit to pursue when platinum and gold certifications are sought, with a PMP of 94% and 62%, respectively, similar to the findings obtained by Todd et al. [8] and Da Silva and Ruwanpura [13] . As stated in Table 1 , EA1 solely accounts for the major portion of the energy and atmosphere credits (19 of the 35 points) and as such is an obvious target when platinum or gold certifications are desired since both require a large number of points. For example, as seen in Table 4 , 89 out of the 129 platinum certified buildings (70%) attained the maximum achievable 19 points.
PMPs within Certification Levels
EA2 is related to installing on-site renewable energy means to cover the specified amount of energy required during the life cycle of a building. However, Figure 1 shows that only projects pursuing platinum certification attained a significant number of points in this credit (80% of the maximum seven points). Projects that sought gold and silver certifications attained the lowest percent of points (26% and 9%, respectively) compared to other credits. Platinum certification seekers prefer to get their points from credits with highly achievable points, namely "EA1-Energy performance" which offers a maximum of 19 points, and "EA2-On-site renewable energy technologies" which offers a maximum of seven points. Gold and silver certification seekers, on the other hand, prefer not to take advantage of the seven points of "EA2-On-site renewable energy technologies" because these technologies require additional sizeable investments.
The remaining credits in this category (i.e., EA4-6) can provide two or three points each, the sum of which accounts for a relatively small portion of the Energy and Atmosphere category. It was found in Figure 1 that "EA4-Enhanced refrigerant management" has received close achievement percentages in platinum, gold and silver-certified buildings with 59%, 55% and 51%, respectively. It is surprising that platinum-certified buildings, which have to use the most advanced technologies, methods and tools to earn the largest number of points record achievements as low as the points received by gold and silver-certified buildings. This can be related to platinum-certified buildings investing more in the first two credits (EA1 and EA2) jointly that amount to a maximum of 26 points corresponding to 74% of the points in the Energy and Atmosphere category. Another outcome of the analysis is that more points are obtained in "EA5-Measurement and verification" in buildings with platinum certification, compared to fewer points in gold and silver-certified buildings. Given the fact that they have to obtain a larger number of points, projects seeking platinum certification need to focus on discrepancies between actual and intended energy consumption.
PMPs between Certification Levels
In order to quantify the differences between certification levels, the silver, gold, and platinum certifications were represented by an approach similar to the approach Ma and Cheng [9] used in their study. In this approach, 1 represents silver, 2 gold, and 3 platinum certification. A linear regression line is defined to find the slope of PMP and certification levels, shown in Equation (2):
where PMP is the percent of maximum points achieved, L denotes the certification levels, and is the error term. The slopes of the six Energy and Atmosphere credits are shown in Figure 2 . As an example, the percent maximum point (PMP) of "EA2-On-site renewable energy" for silver, gold and platinum-certified buildings was 9%, 26%, and 80%, respectively ( Figure 3 ). According to regression analysis results, this credit exhibited the highest differences between certification levels, having the steepest slope of 0.35 of all credits. In other words, this credit was exploited at platinum level rather than lower levels, resulting in a steeper than in other credits. The flattest slope was attained in "EA4-Enhanced refrigerant management" as 0.04. This value confirms the findings in the previous section that this credit received close achievement percentages regardless of certification levels.
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Sectors with a growing number of certified buildings include education, government, industrial, office, healthcare, hospitality, and retail [26] . In this section, the building inventory was analyzed by looking into differences in PMPs by building ownership. Table 5 illustrates the number of LEED-certified buildings by building ownership, based on the classification in the USGBC project database. Corporate owners are privately held or publicly traded. Educational institutions represent both public and private facilities including colleges, k12 schools, and universities. Government buildings involve all buildings owned by federal, state, and local (city and county) governments. Investors consist of banks, individuals, and both publicly traded and non-traded real estate investment trusts. The projects which do not fit in any of these classes are grouped as others. PMP values based on building ownership defined in USGBC's database are illustrated in Figure Several researchers conducted statistical analysis to compare the achievements in credits in the assessment of LEED-certified buildings. Kim and Cheung [12] analyzed 43 LEED-NC-certified buildings using ANOVA to test if there were statistical differences in the mean points obtained in different credits. They also conducted Tukey's post hoc test to analyze the differences in pairwise comparisons. Lee and Guerin [27] compared the credits in the Indoor Environmental Quality category relative to five different office types with uneven sample sizes. Choi et al. [28] used ANOVA to investigate the economic impacts that two LEED-certified public transportation access facilities have on the appraised values of land parcels. In our study, since the distribution of existing data does not satisfy the requirements of parametric tests, the Kruskal-Wallis test was used to assess differences in PMP values relative to building ownership. The Kruskal-Wallis test is a non-parametric test of one-way analysis of variance on ranks, which is a procedure that makes minimal assumptions about the underlying distribution of the data. The null hypothesis was that the means of PMP values do not significantly differ from each other between owner types. The results obtained using the Statistical Package for Social Sciences (SPSS) indicated that PMP values differed between different building ownerships for all credits, having asymptotic significance values less than 0.05 (Table 6 ). The results indicate that the means of the achieved values are statistically different between building owners in only in the "EA5-Measurement and verification" credit.
The Kruskal-Wallis test was followed by Bonferroni's Mann-Whitney post-hoc test to compare the mean points in pairs of buildings with different ownership. This is a non-parametric test for comparing two independent groups and if the Bonferroni result is lower than the selected significance value, it can be assumed that the means of the groups are significantly different than the others. The results are tabulated and statistically significant differences are bolded in Table 7 . It can be seen that some pairwise differences of the mean points obtained by buildings with different ownership are statistically significant at α = 0.10. For example, for "EA2-On-site renewable energy", PMP values earned by buildings owned by privately held corporations significantly differ from buildings owned by educational institutions and investors with values 0.0747 and 0.0000, respectively (Table 7) . This result can be verified by PMP values shown in Figure 3 , where the PMP value is 20% for privately held corporations, while PMP values for educational institutions and investors are 14% (lowest value) and 45% (highest value). 
Discussion of the Findings
The findings of this study are discussed in this section by category (EA1 to EA6), always in the light of the literature relevant to the issues discussed. In other words, the statements about the reasons and/or impacts of the findings are not based on speculation, but on a thorough discussion that draws extensively from past research.
EA1-Optimize Energy Performance
In LEED-NC 2009, the EA1 credit references the ASHRAE 90.1-2007 standard. To reduce environmental and economic impacts, the EA1 credit aims to achieve high levels of energy performance beyond the prerequisite mentioned in the ASHRAE standard. As seen in Table 1 , EA1 consists of minimum energy cost savings, each of which deserves different points. It has the maximum achievable points of 19 for all contributions in the Energy and Atmosphere category in LEED-NC 2009. Therefore, it is important for LEED managers to focus on this credit for earning higher points. There are several strategies adopted by project owners and developers to earn points. For example:
• Cedar Rapids Public Library in Iowa targeted platinum certification after being damaged by a major flood. For this purpose, energy and cost-saving features were integrated into the building and roof design [29] . Setting the Iowa Energy Code standards as a baseline, it was aimed to exceed the baseline by 55%. This was achieved by several strategies such as strategic location of windows, solar light tubes, exterior sunscreens, and use of high-efficiency T5 HE florescent bulbs [22] . Also, storm water on site was effectively managed. As a result, the maximum achievable 19 points were earned, which contributed a great deal to obtaining platinum certification.
•
University of Arkansas at Little Rock constructed a new residential student housing with sustainable attributes. Highly efficient HVAC and lighting systems were used to reduce the consumption of energy by 32% [30] . This implementation provided cost savings through energy efficiency and brought 10 points to the project, which at the end was awarded a gold certificate.
The Sarasota National Guard Armory in Florida earned 14 points out of 19 by implementing a combination of highly efficient lighting and HVAC system designs [31] . In this project, LED fixtures were selected for all internal and external lighting. The control of lighting was further enhanced by an advanced automation system. The building received silver certification.
Further suggestions for energy efficiency include improving equipment efficiency, such as increased duct size leading to reduced fan power requirements, variable frequency drives for motors, condensing stack boilers, and sophisticated controls [21] . Projects aiming to achieve higher energy efficiency can benefit not only from the financial and environmental implications, but also can earn more points in this credit. According to Table 4 , all platinum-certified projects earned points in EA1 with 89 of 129 platinum-certified projects earning the maximum 19 points. However, the findings indicate that there are a few buildings that received zero points in EA1 (14 buildings with silver certification, and one building with gold certification). In such cases, the projects tend to compensate with points earned in other credits.
Earning higher points in this category mostly depends on targeted energy efficiency in the project. Therefore, it would be useful for project owners, managers, and LEED consultants to calculate the costs and benefits of implementing different alternatives, and then make a decision about the implementation that promote sustainability goals in the most cost effective way. Figure 3 shows the achieved percentages of the maximum points in each credit categorized by building ownership. Projects owned by investors and government agencies attain higher percentages than projects owned by other types of owners (Figure 3) . The Bonferroni post-hoc test results presented in Table 1 show that the differences are consistently and statistically significant at α = 0.10. This finding can be the result of investors and government agencies generally occupying the constructed facilities themselves rather than immediately selling or renting, and expecting economic benefits in the long run. Buildings under the other types of ownership display achievement rates that are quite similar to each other, that fall around 51%, still not a low performance as it corresponds to cost savings in energy not less than 30%.
EA2-On-Site Renewable Energy
Energy consumption creates one of the most significant environmental impacts during a building's life cycle [32] . Use of renewable energy is an option to overcome the adverse impacts. This credit's objective is to promote the use of energy sources that are not depleted and to avoid the use of sources such as fossil fuels that can be depleted. The LEED system encourages the implementation of strategies that address on-site renewable energy policies that reduce the environmental and economic impacts related to the use of energy generated by fossil fuels. As seen in Table 1 , the maximum number of points that a building can achieve is seven. EA2 specifies the percentage of on-site renewable energy for each point threshold. Several technologies and strategies can be used such as solar, wind, geothermal, low-impact hydro, biomass, and bio-gas [33] . Using on-site renewable energy in a project that aims to achieve LEED certification enhances the project's green image and decreases the consumption of grid-purchased electricity [24] . Different cases exist where efforts were spent to produce on-site renewable energy with varying degrees of success. For example:
•
The design of Project Vida Community Wellness Center, a platinum-certified building, included a photovoltaic array to produce approximately 40% of the energy necessary to operate the building and earned the maximum seven points in this credit [34] .
The SUNY-ESF College of Environmental Science & Forestry Gateway Center, another LEED platinum building also received the maximum seven points by designing a combined heat and power plant to produce 60% of campus heating needs and 20% of its electricity requirements using natural gas cogeneration, biomass, photovoltaic, and solar thermal systems [35] .
The Bend Broadband Vault project in Oregon, a gold-certified building, installed photovoltaic arrays and all power consumed that was not produced by the photovoltaic system was offset by renewable energy purchased through the Pacific Blue Sky Renewable Energy Program [36] . The implementation brought one point.
• Table 4 shows that out of the 129 platinum-certified buildings, only 8% (10 buildings) received zero, while 67% (86 buildings) scored the maximum seven points. Out of 617 gold-certified buildings, 66% (404 buildings) received zero, while 20% (121 buildings) scored the maximum seven points. If one considers the 747 silver-certified buildings, as many as 86% (640 buildings) received zero and only as few as 5% (39 buildings) earned the maximum seven points. These values show that buildings aiming at higher certification take better advantage of renewable energy sources.
The total investment in renewable energy is reported as $54.2 billion in 2013 in the US [37] . Although the US takes place in the list of top countries for total investment of installed renewable electric capacity, the "EA2-On-site renewable energy" credit is underutilized in LEED-certified buildings. Table 3 shows that the buildings that received zero points in EA2 correspond to 71% of the buildings in the analyzed set, indicating that renewable energy is not a credit that is vigorously pursued by owners, designers, and contractors probably because providers of on-site renewable energy are rare and because acquiring these new technologies is cumbersome and expensive. One of the main reasons for not using renewable energy systems more extensively is that investments require substantial implementation costs followed by a long period of recovering the invested capital through savings in utilities bills [25] . According to Karystas and Choropanitis [38] , barriers against renewable energy systems can be classified as financial, technical, regulatory, and market related issues, such as lack of qualified personnel to install and promote the systems, limited space for installation and inadequate or unclear financing options.
Active solar energy methods (converting solar energy for heating and cooling), passive solar energy methods that take better advantage of local climate conditions (design of building, windows, walls and floors to keep heat in the winter and reject heat in the summer), and the use of wind and geothermal energy can contribute to lowering energy consumption costs [39] . However, economic and non-economic barriers such as high initial costs, low cost effectiveness, high technical risks, high market risks, and lack of specialized knowledge negatively affect the adoption of these systems [25, 40, 41] . Figure 3 shows the percentage of the maximum seven points achieved in EA2, categorized with respect to type of ownership. The highest percentage is recorded for investors. The Bonferroni post-hoc test confirms that the differences between investors and other types of owners are statistically significant. Figure 3 also shows that educational institutions underperform in this credit, achieving only 14% of the maximum points. It should also be noted that the maximum achievable point in this credit is lowered to three in LEED v4, from 7 in LEED-NC 2009, probably as a response to the generally low percentages observed in Figure 3 .
EA3-Enhanced Commissioning
Commissioning is a verification process that a building undergoes to make sure that the design objectives and the owner's requirements are in agreement. LEED-NC 2009 s intention is that the commissioning process be initiated early in the design phase and that additional activities be executed after the systems' performance verification is completed. LEED v4 expands on this intent by further supporting the design, construction, and eventual operation of a building such that the owner's project requirements for energy, water, indoor environmental quality, and durability are met. Both of these explanations suggest that the project's energy, water, and indoor air quality systems and the exterior envelope assemblies and systems are designed, installed, and calibrated to perform according to the owner's requirements, basis of design, and construction documents [42] . The operation of key systems in the building is checked systematically to close the gap between the design team and subcontractors. An independent commissioning agency is required for better objectivity. The scope of the commissioning process involves verification of heating, cooling, refrigeration, ventilation systems and controls, lighting and day-lighting controls, domestic hot water systems, and renewable energy systems [43] .
The maximum achievable point in EA3 is two points in LEED-NC 2009, but is higher (between two and six points) for new construction in LEED v4. According to the information in Table 4 , 41% of the buildings received zero points in all certification levels combined. This indicates that even though all buildings satisfy the fundamental commissioning prerequisite, not too many seek enhanced commissioning.
The commissioning of systems in buildings depends on the extent and complexity of the systems used in the building [44] . For example:
• Hillsborough Area Regional Transit 21at Avenue received silver certification and earned two out of the six points in this credit. The systems commissioned in the building consisted of an air cooled chiller, chilled water pumps, water handling units, energy recovery units, a chiller with an integral pumping package, air conditioning units in a computer room, exhaust/supply fans, and a water heater [45].
•
The Bendbroadband Vault project is a data center building project in Oregon, which received gold certification. The project owner aimed to incorporate the most energy-efficient HVAC system possible due to heavy energy consumption in data centers. Complexities surrounding the mechanical and electrical systems were critical. However, challenging design strategies, such as integration of various control technologies, were implemented in early stages by the commissioning agent and the project received two points in this credit [36] .
• Commissioning in the Largo Community Center in Florida, which is a platinum-certified building involved efficient mechanical, plumbing, and fire safety designs [45] .
Fundamental commissioning is a prerequisite and is mandatory for LEED certification. "EA3-Enhanced commissioning" contributes additionally to the energy performance of the building. The possible benefits of enhanced commissioning include improved building system control and performance, improved efficiency and maintainability, early detection of potential problems, and improved occupant comfort and productivity [44, 46] . On the other hand, commissioning is a costly process [47] . Owners typically select commissioning agents based on their fee, their qualifications, and their experience [20] . According to Figure 3 , publicly traded corporations and educational institutions recorded the highest PMP compared to other owners.
Several researchers point out that the perception of additional costs and the lack of experience of project owners and contractors affect the use of commissioning services [13, 25, 48, 49] . In addition, inadequacy in establishing and distributing a commissioning plan to project participants, and shortcomings in integrating a commissioning plan into the project schedule also constitute barriers to the implementation of this credit [50] . Continuing the trend in EA1 and EA2, buildings owned by investors seemed to achieve significantly higher points in EA3 also. The results of Bonferroni's post-hoc test in Table 7 confirms this finding, which indicates that investors are more informed about commissioning services than other types of owners.
EA4-Enhanced Refrigerant Management
This credit accounts for two points. It intends to reduce ozone depletion, and to support early compliance with the Montreal Protocol while minimizing direct contributions to climate change. The credit basically aims at designing and operating without mechanical cooling and refrigeration systems [33] . If use of a mechanical system is essential, it suggests utilizing heating, ventilation, air conditinioing, and refrigerating (HVAC&R) systems for the refrigeration cycle, selecting equipment with reduced refrigerant charge and increased equipment life, maintaining equipment to prevent leakage of refrigerant to the atmosphere, and using fire suppression systems that do not contain Hydrochlorofluorocarbons (HCFCs) or halons. A prerequisite is also defined for fundamental refrigerant management in both versions of LEED.
According to the information presented in Table 4 , buildings achieved 1.0, 1.1 and 1.2 points on average in silver, gold and platinum-certified buildings, respectively. These values correspond to 51%, 55%, and 59% of the maximum two points at each level, respectively. Compliance with this credit requires either avoiding refrigerants altogether or using HVAC systems that have low impact on ozone depletion and global warming. Despite the best of intentions, attaining points in this credit can be challenging, since higher efficiency equipment systems generally use larger heat exchangers and require larger refrigerant charges [51] . For example, the University of Texas at Austin decided to eliminate all CFC refrigerants in chiller systems and started a phase-out plan to convert from dichlorodifluoromethane (CFC-12) to Hydrochlorofluorocarbon-134a (HFC-134a) refrigerant. Also a refrigerant leakage detection and management process was launched to ensure that refrigerant leakage to the atmosphere is kept to a minimum [52] . Even though the use of complex formulas can act as a barrier to less experienced consultants [11] , it is not difficult to achieve points if manufacturers provide compliant equipment [21] . According to Tables 3 and 7 , investor-owned buildings perform significantly better in EA4, again indicating that investors are more informed about alternative refrigerants than other building owners.
EA5-Measurement and Verification
This credit intends to provide ongoing accountability for building energy consumption over time. The difference between the intended and actual energy consumption should be tracked to evaluate the energy efficiency of the building. The accurate quantification of energy use is measured by installing metering equipment [33] . According to LEED-NC 2009, the measurement and verification period should cover at least one year of post-construction occupancy. This credit was revamped in LEED v4 and was renamed "advanced energy metering" [53] .
The maximum contribution of this credit is three points (Table 1) . According to Table 4 , 0.8, 1.1 and 2.0 points were achieved on average in silver, gold and platinum-certified buildings, respectively. The number of projects with zero points in all three certification levels add up to 830 corresponding to 56% of the whole building inventory. Only 441 buildings (30%) earned the full three points. Such a finding indicates that in general, this credit is either underperformed or most of the time not performed at all. The cost of advanced meters and the cost of hiring consultants for the measurement and verification process can be the reasons why owners do not fully take advantage of this credit [54] .
In order to earn points, a measurement and verification plan should be introduced to monitor the end uses in the building. Any discrepancies between actual energy use and the original model should be detected. For example:
• It was found in a police station that was constructed on the campus of the University of Massachusetts, Amherst that actual electricity use in the first year of occupancy was 70% more than modeled. After identifying HVAC/control issues, the contractor made corrections [54] . It is argued in this case that if full measurement and verification had been performed, the discrepancy and its causes might have been detected earlier.
•
In another project at the University of Texas at Austin, building site metering and generation source metering were made available to establish a metric for cooling and combined heat and power systems [52] . The aim was to quantify and verify the performance of these systems. For example, each building's chilled water consumption for cooling purposes was digitally metered. Similarly, steam and electricity consumption were also metered for heat and power facilities. These measures were collected and reported monthly to determine total thermal efficiency and electrical generation heat rate to compare actual energy use and the original model. Table 7 indicates that, the points obtained by publicly traded corporation-owned buildings are significantly different from the points obtained by buildings with different ownership. Publicly traded corporation-owned buildings scored higher points in general, probably because they need to be transparent vis-à-vis their shareholders by putting in place measurement and reporting routines.
EA6-Green Power
This credit aims to encourage the development and use of grid-source, renewable energy technologies on a net zero pollution basis. It requires engagement in at least a two-year renewable energy contract to provide at least 35% of the building's electricity from renewable sources, as defined by the Center for Resource Solutions' Green-e Energy product certification requirements [33] . It corresponds to two points. The intent has been described similarly in LEED-NC 2009 and in LEED v4, but the term of the energy contract has been increased to five years in LEED v4 with the provision of at least 50% (earns one point) or 100% (earns two points) of the project's energy from green power, carbon offsets, or renewable energy certificates. The newer version increases support for growth in clean energy.
According to the information presented in Table 4 , platinum-certified buildings achieved an average of 1.6 out of the maximum points, whereas gold and silver-certified buildings attained only 1.0 and 0.9 points, respectively. Investors achieved a higher percentage than the other types of owners, a PMP value of 70% (Figure 3) . Governmental buildings significantly underperformed in this credit and achieved lower points (Figure 3) .
This credit encourages the use of off-site renewable energy, which can be administered by several options such as enrolling in the Green Power Program, selecting a Green-e-certified power provider, or purchasing Green-e-certified Renewable Energy Certificates (RECs) [55] . A REC represents the environmental attributes of the electricity produced from a renewable energy source and is a separate commodity from the electricity [56] . Each of these options has its own advantages and disadvantages. Enrolling in the Green Power Program is simple and monthly payment of bills is possible, but can be expensive; month-to-month enrollment can often be an option [24] . Selecting a Green-e-certified power provider may not be the most cost effective alternative and may not be regionally available, which usually results in a lack of communication and support [24] . Purchasing a REC can be often the least expensive option as it involves simple contracting procedures, but may not be regionally available. Thus, the strategies addressing a solution can change depending on project characteristics and location. Building energy and economic analysis software can be used to model a building's base line and to support the decision of selecting the applicable option.
Summary and Conclusions
Energy efficiency is essential in sustainable construction. LEED-NC 2009 awards the largest portion of achievable points to the credits in the Energy and Atmosphere category. Energy and Atmosphere is the major driver for implementing sustainable solutions most of the time. Since a considerable amount of energy is used during the construction and occupation phases of a building project, efforts to reduce energy consumption are valued in the certification process. LEED is the most commonly used system for green building certification in the US. LEED-NC 2009 has been in effect for more than five years. The inventory of LEED-NC 2009-certified buildings in this study consists of 1500 buildings, far more than the number of buildings certified under the new version LEED v4. The large number of buildings considered provided an in-depth understanding of the efforts to earn points, and of how essential activities were practiced and rated in the industry. Pointing out challenges and barriers to credit realization can provide suggestions for improvement to move forward in green construction endeavors. Furthermore, discussing relevant examples can provide insights for future practices in green construction.
The performance of the project in energy aspects heavily relies on the owner/developer's expectations of the building in addition to characteristics of the project. Concerns related to cost, particularly the amount of upfront cost of recent technologies for energy efficiency is considered to be the major issue in sustainable energy installations. The market and technical risks of the technologies used also contribute to the limited implementations resulting in fewer earned points. Still, significant savings in energy use in new buildings are possible using existing technologies [57] . The concerns also extend to non-economic barriers such as lack of technical expertise for advanced tools and services needed for improving energy efficiency.
Based on an analysis of 1500 LEED-NC 2009-certified project scorecards obtained from USGBC's project directory, the following findings are highlighted in this study:
•
The percent of the maximum achievable points (PMP) in the Energy and Atmosphere credits earned by the LEED-certified buildings considered in the study are ranked as "EA3-Enhanced commissioning" (59%), "EA1-Optimize energy performance" (54%), "EA4-Enhanced refrigerant management" (53%), "EA6-Green power" (50%), "EA5-Measurement and verification" (34%), and "EA2-On-site renewable energy" (22%). Project teams that obtained LEED-certification have often used commissioning services that are commonly available and economical (EA3), whereas they stayed away from difficult-to-obtain and costly on-site renewable energy (EA2) that may face technical, regulatory, and market related obstacles as well as limited space for installation [38] .
The number of points earned in Energy and Atmosphere credits depends on whether silver, gold, or platinum certification was sought. For example, linear regression analysis shows that platinum-certified buildings take full advantage of "EA2-On-site renewable energy" whereas silver-certified buildings practically ignore it. The credits that displayed the largest difference in the average points attained in different certification levels was "EA2-On-site renewable energy" credit followed by EA1, EA5, EA6, EA3, and EA4.
The number of points that is earned in the Energy and Atmosphere credits is related to the type building ownership. The Kruskal-Wallis test shows statistically significant differences in the means. For example, investors mostly optimize energy efficiency (EA1), on-site renewable energy (EA2), enhanced commissioning (EA3), and green power (EAC6), whereas publicly held corporations perform better in measurement and verification (EA5).
The overall conclusions of the study include:
• Sustainable projects involve activities, implementations, and processes that might differ from traditional projects. There are several barriers in the green building certification process. Proceeding through the cumbersome certification process itself, using complex technological tools and services for higher energy efficiency, and considering renewable energy alternatives require adequate technical experience and background. These technical risks along with market-driven risks can influence the design and implementation of sustainable practices. These tools and services can also be seen as economic challenges, since they require additional and/or up-front costs for project owners. All of these challenges and barriers should be discussed at the design and construction stages, and appropriate strategies should be adopted to satisfy project owners' expectations.
Even though renewable power source investments in the US are substantial, on-site renewable energy solutions are not utilized extensively enough in LEED-NC 2009-certified projects in the US. The use of renewable energy can be encouraged by providing substantial incentives.
Cost savings generated by energy efficient systems is one of the primary drivers of sustainable buildings. For this reason, all certification systems including LEED consider rating efforts that encourage the efficient use of energy. "EA1-Optimizing energy efficiency" is the credit that assesses these efforts in LEED-NC 2009. The analysis shows that the majority of the LEED-certified buildings benefitted from this credit in different proportions. Regardless of the points earned and certification levels (platinum, gold, silver), cost savings through energy efficiency have been achieved in many of the projects, as well as lower adverse environmental impacts, hence fulfilling the original intent of the "EA1-Optimizing energy efficiency" credit in LEED-certified projects.
• Alternative rating tools have been developed and used in different countries, providing guidelines for sustainable construction to practitioners in those countries. According to Berardi [15] , building energy performance is the most important but the least achieved criterion in the currently available sustainability rating systems when compared to criteria such as water efficiency or indoor air quality. LEED is one of the most commonly used rating tools, not only in the US but also in other regions of the world. As in most rating systems, energy issues constitute an important part of the requirements of LEED (about a third of the total achievable points in LEED-NC 2009). Building "green" is a growing trend in the construction sector and rating systems like LEED facilitate this endeavor, but the findings indicate that optimizing energy performance (EA1) and using non-depletable energy sources (EA2) are hard to achieve especially if the objective is a rather modest silver certification.
This study aimed to analyze information about LEED-NC 2009 silver, gold and platinum-certified buildings in the US. The findings indicate that not all Energy and Atmosphere credits receive equal treatment by project owners. A larger percentage of the maximum achievable points is attained in some credits depending on the level of certification and on the type of ownership. Practitioners who recognize those differences are expected to be in a better position when making decisions in sustainable building design and construction. The limitation of this study is that it analyzes only one of the credit categories of LEED. For an overall understanding of sustainable construction practices, achievements in other categories can and should be assessed too. Therefore, further studies may involve the evaluation of credits in categories other than Energy and Atmosphere for an overall understanding of sustainable construction practices. Also, this study covers buildings constructed only in the US. Energy efficiency practices for LEED certification in countries other than the US can be reviewed for a worldwide analysis.
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